Artemisia abyssinica leaves, a traditional medicine for the treatment of various disorders, were fed to male Wistar rats at 2% and 10% of the standard diet for 6 weeks. A 2% A. abyssinica leaf diet was not toxic to rats. Depression in growth, hepatopathy and nephropathy were observed in rats fed a diet containing 10% of A. abyssinica leaves. These findings were accompanied by leukopenia, anaemia and alterations of serum aspartate aminotransferase (AST),alanine aminotransferase (ALT)and gamma glutamyl transferase (GGT) activities with changes in concentrations of total protein, albumin, cholesterol and urea.
A large number of medicinal plant constituents such as essential oils, terpenes, sesquiterpenes, quinones and alkaloids have been shown to be associated with antimicrobial, antifungal, anthelmintic, insecticidal, molluscicidal and other activities (Oliver-Bever 1986, Bakhiet & Adam 19951. Nevertheless, a considerable amount of research is still needed to explain the curative phenomena associated with traditional herbal remedies, to identify simple technology that could produce therapeutic agents at low cost for the alleviation of suffering and disease, to determine the toxicity of plant products and to investigate the effects of soil, climate and seasonal patterns on possible variability of plant constituent concentrations.
In Afro-Asian countries, many species of Artemisia such as A. abyssinica Sch. Bip., A. herba-alba Asso., A. ;udaica 1. and A. monosperma Del. are used in folk medicine as anthelmintics, antispasmodics, antirheumatics and antibacterial agents against Staphylococcus aureus, Bacillus subtilis and Candida albicans (Yeshphe et al. 1979, Idris 
Study design
Twenty-four 12-week-old male Wistar rats weighing 160± 109 were housed under standard environmental conditions of light/dark cycle, temperature (22-25°C) and relative humidity (40-60%) in the Department of Veterinary Medicine, King Saud University, and were allowed free access to feed and water.
The rats were allotted at random to three groups of eight rats each. Group 1 continued to be fed the standard diet and served as controls. Group 2 received a diet consisting of 2 % (w/w) A. abyssinica leaves and group 3 received a diet consisting of 10 '7'0 (w/w) A. abyssinica leaves. The rats were treated for 3 or 6 weeks.
Average feed intake, body weight and body weight gain were estimated weekly for each group. After 3 weeks of treatment, four randomly selected rats from each group were killed under diethyl-ether anaesthesia. The remaining rats were killed after 6 weeks of
Statistical analysis
Statistical significance was determined using Student's t-test (Mendenhall 1971) .
Results

Effect on growth
The effects of treatment with diets consisting of 2% or 10% A. abyssinica leaves on feed intake, body weight gain and feed efficiency of the rats are shown in Table 2 . The rats fed treatment. Blood samples were collected from the cervical blood vessels of each rat for haematology and serum chemistry analysis.
Blood analyses
The analysis of haematological parameters was performed according to the methods of Schalm et ai. (1975) . Ethylene diamine tetraacetic acid (EDTA) was the anticoagulant used. Erythrocytes (RBe) and leucocytes (WEe) were counted with an improved Neubauer haemocytometer (Hawksley and Sons Ltd, Englandj. Differential leucocyte counts were performed by the battlement technique and haemoglobin (Hb) concentration was measured by the cyanmethaemoglobin technique with a haemoglobin meter. Packed cell volume (PCV) was measured in a microhaematocrit centrifuge (Hawksley and Sons Ltd, England). Mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH) and mean corpuscular haemoglobin concentration (MCHe) were calculated from pev, RBC and Hb values.
Sera were analysed for the activity of aspartate aminotransferase lAST), alanine aminotransferase (ALT) and gamma glutamyl transferase [GGT) and the concentrations of total protein, albumin, globulin, cholesterol and urea using commercial kits (bio-Merieux Laboratory Reagents and Products, France).
Necropsies were conducted on all the rats to identify gross lesions. Specimens of intestines, liver, kidneys, spleen and heart were fixed in 10% neutral buffered formalin, embedded in paraffin wax, sectioned at 5 11m and stained with haematoxylin and eosin (H & E) for histopathological examination. a diet consisting of 10% A. abyssinica leaves (group 3) for 3 and 6 weeks had the lowest (P < 0.001) growth rate, consumed less feed than the controls (group 1), showed soft faeces and frequently huddled together, but none of the animals died during the course of the experiment. The rats on a 2% A. abyssinica diet (group 2) showed no changes in growth over the 6-week period.
Haematology
These data are presented in Table 3 . In the rats fed a diet consisting of 10% A. abyssinica leaves (group 3) for 3 and 6 weeks, the values of Hb, REC, PCV,WBC, lymphocytes and neutrophils were lower (P < 0.05----D.00I) than in the controls (group 1). However, in this group the values of MCV were higher (P < 0.05) than in the controls. The values of MCH and MCHC did not change. There were no changes in the blood parameters of the rats fed a diet consisting of 2% A. abyssinica leaves for 3 and 6 weeks.
Serum chemistry
These data are summarized in Table 4 . In the rats fed a diet consisting of 10% A. abyssinica leaves (group 3) for 3 and 6 weeks, the serum AST, ALTand GGT activities and the concentrations of cholesterol and urea were higher (P < 0.05-0.001) and total protein and albumin were lower (P<0.01-0.001) than in the controls (group 1).No significant changes in serum parameters were observed in the rats fed a diet consisting of 2% A. abyssinica leaves (group 2) for 3 and 6 weeks. Values are mean ± SE; NS= not significant; * = P < 0.05; ** = P < 0.01, *** =p < 0.001. vs control. (2000) 34 
Laboratory Animals
Histopathology
After 3 weeks of treatment, no significant lesions were observed in the tissues of the rats on the 2% A. abyssinica diet (group 2) as compared with the rats on the control diet (group 1). Reduction in cytoplasmic basophilia with small fatty vacuoles in the centrilobular hepatocytes and in the cells of the renal proximal convoluted tubules, as well as congestion of the blood vessels of the intestinal lamina propria, were observed in all the rats on the 10% A. abyssinica diet (group 3). In this group, lesions were consistent and included cytoplasmic fatty vacuolation or necrosis of the centrilobular hepatocytes (Fig I) , catarrhal enteritis and degeneration or necrosis of the epithelial cells of the renal proximal convoluted No lesions were observed in the spleen and heart of rats in group 3 or in the tissues of the rats on the 2% A. abyssinica diet (group 2) or of the controls (group 1) throughout the 6-week feeding period.
Discussion
The results of the present study indicate that feeding rats with A. abyssinica leaves at 2% of the normal diet is not toxic, as evidenced by the absence of clinical changes, of growth impairment, of lesions in the vital organs, or of haematological and serobiochemical alterations. The incorporation of A. abyssinica leaves in the normal diet at 2% and 10% was chosen for several reasons. For rats, these two dietary levels represent non-toxic concentrations of some plants exemplified by Cucurbita pepo [Mohamed 1995 ) and similarly for chickens by Cassia obtusifolia (Herbert & Flory 1992) . On the other hand, levels of 2 % or 5 % of dietary Jatropha curcas and Azadirachta indica have been found to be toxic to rodents and chickens (Adam 1974 , Ibrahim et a1. 1992 . It seems, therefore, that the susceptibility of animals to feeding with plant materials is dependent, at least, on the type of active constituents and concentration in the amount added to the diet, as well as on the rate of their metabolic conversion in the liver to metabolites and consequent excretion.
Phytochemical investigations demonstrated the presence of alkaloids, flavonoids, sterols, tannins, volatile oils and anthraquinones in aerial parts of the Artemisia species (Zalkow et a1. 1981 , AI-Yahya et a1. 1990 ). It might be assumed that the development of soft faeces in rats on a diet consisting of 10%
A. abyssinica leaves could be, at least, due to the presence of anthraquinones in the plant leaf.
In rats fed a diet consisting of 10% A. abyssinica leaves, damage to vital organs could explain the depression in feed intake and growth. The mechanism whereby the plant constituents injure body tissues cannot be derived from the present study but the injury to these organs probably contributed to the elevated serum AST, ALT and GGT activities and cholesterol and urea concentrations and to the decreased total protein and albumin levels. Leukopenia was caused by a decrease in the numbers of both neutrophils and lymphocytes. The decreases in Hb, RBC and PCV and increase in MCV without significant effects on MCH and MCHC indicate macrocytic normochromic anaemia. These findings suggest that the plant constituent[s) may be involved in a derangement of the haematopoietic process. Our previous investigations showed macrocytic anaemia in rats which had been fed a diet consisting of 10% or 50% Rhazya stricta leaves [Adam 1999) or in chickens which had received a diet consisting of 10% Cassia italic a seeds (Bakhiet & Adam 1996) .
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Further investigations into the appropriate isolation, characterization and concentration of the active constituents in A. abyssinica leaves are deemed necessary for elucidating their modes of action.
